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Figure 12.--Location of irrigated land on the alluvium adjacent to the 
Verde River south of Camp Verde, Arizona, 1981. 
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in part on the stage of the river at the diversion dam (table 1, sites 7 
and 11). Deep percolation of canal-seepage water and irrigation water 
applied to cropland infiltrates to the water table, flows downgradient, and 
returns to the river. The large quantity of water that infiltrates to the 
water table flushes the aquifer and is probably the reason the alluvium is 
saturated in many places away from the river where the alluvium lies 
above the altitude of the river. An estimated 90 percent of the annual 
ground water pumped, 27 acre-ft, is returne.d to the alluvium through 
septic tanks (table 2). I rrigation water and septic-tank effluent inflows 
to the alluvium are discussed together because both can contribute similar 
chemical constituents to water in the alluvium. 

Leakage from the main ditches, unlined lateral ditches, and 
ponds is considered as part of the deep percolation of water from irriga
tion. Diversion dams in the Verde River direct water into Woods and 
Diamond S ditches, and lateral· ditches carry the water to the fields. The 
main ditches are unlined and have been in operation since the 1890's. 
I nvestigations of seepage from the ditches made by the U. S. Soil 
Conservation Service indicate little leakage (J. E. Alam, Flagstaff I oral 
commun., 1982). Approximately half of the lateral ditches are lined or 
piped. The lateral ditches are user operated and do not carry water 
throughout the irrigation season. Leakage from the unlined portions of 
the ditches occurs at the same time as, and therefore is included as part 
of, deep percolation in the fields. Leakage from ponds along the main 
ditches is probably small. Ten small ponds in the study area are filled 
with water from the main irrigation ditches. Some ponds are used to 
store water for later use and to maintain a head for water in the lateral 
ditches, and some are used for livestock watering. 

Septic-tank effluent, fertilization of crops and lawns, animal 
wastes, decomposition of organic material in the soil, and oxidation of 
atmospheric nitrogen by bacteria can contribute nutrients to the ground 
water. Water from most wells from which water could be obtained was 
analyzed for nitrate, nitrite, ammonia, and orthophosphate. Septic-tank 
effluent also can contribute chloride and increase the dissolved-solids 
concentration. Deep percolation of large quantities of irrigation water 
generally decrease the dissolved-solids concentration in the ground water 
even though these waters can dissolve and carry nutrients from fertilizers 
and organic material in the soil, which increases the total load in the 
ground water. 

Samples of ground water in the alluvium collected from 12 wells 
before and after the irrigation season show no overall trend i however, 
individual trends for each constituent are indicated and are dependent on 
local irrigation conditions. In and downgradient from areas actively 
irrigated, water in the alluvium showed irrigation had a dilution effect on 
arsenic, on ammonia, and on specific conductance, which indicates a 
decrease in dissolved solids (table 3). Orthophosphate generally 
increased after irrigation. Nitrate concentrations increased in some 
locations and decreased in others (table 3), which indicates that local 
surface conditions differ and that application of fertilizers and the 
location and amount of organic material decomposing are variable. Nitrate 
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concentrations generally are less than 2.0 mg/L except east of the river 
in secs. 7 and 8, T. 13 N., R. 5 E., where land use is a combination of 
subdivided lots and croplands that input septic-tank effluent and 
fertilizers to the alluvium. 

Ammonia is the only nutrient detected in sufficient quantities in 
ground-water samples to indicate the possiblility of organic pollution. 
Ammonia concentrations vary seasonally. In 52 percent of the samples 
collected, ammonia exceeds 0.1 mg/L (table 4), which generally indicates 
organic pollution (Goerlitz and Brown, 1972, p. 13). Most of the samples 
that exceeded 0.1 mg/L were collected prior to the irrigation season when 
septic-tank effluent has a greater effect on ground water in the alluvium. 
The dilution effect during irrigation drops the ammonia concentrations 
below the detection limit (0.06 mg/L) of the analysis (table 4). In 
secs.6 and 7, T. 13 N., R. 5 E., water from some wells in the Verde 
Formation that underlies the aJ/uvium contains as much as 0.34 mg/L of 
ammonia. Large concentrations of ammonia in water from the Verde 
Formation may be a contributing factor to large concentrations of ammonia 
in water from the alluvium where the water from the Verde Formation 
flows into the alluvium. 

Verde Formation 

The Verde Formation supplies water to the alluvium through 
vertical leakage and through man's activities in the area. The magnitude 
of the amount of vertical leakage through the formation and the leakage 
through wells was estimated to be 1,000 acre-ft/yr (table 2). Vertical 
leakage can occur where the hydraulic head in the Verde Formation is 
higher than the hydraulic head in the alluvium. Man's activities and 
associated impacts include: (1) wells drilled through the alluvium into 
the Verde Formation that are open to both formations where Verde heads 
are higher than in the alluvium allow leakage to occur, (2) domestic water 
pumped from the Verde Formation infiltrates into the alluvium as septic
tank effluent, and (3) irrigation water pumped from the Verde Formation 
infiltrates into the alluvium. 

Most of the vertical leakage through the formation and leakage 
through wells occurs east of the river in sec. 8, T. 13 N., R. 5 E., and 
cannot be distinguished from each other. The quantity of inflow can 
vary with changes in the difference between the hydraulic heads in the 
alluvium and Verde Formation. Water levels in alluvial wells located in 
the center of N3z sec. 8, T. 13 N., R. 5 E., are affected by the artesian 
system because the blue clay is absent and the alluvium is deposited on 
limestone. In this 80-acre area, water from the Verde Formation flows 
into the alluvium, which increases the dissolved-solids, sulfate, and 
arsenic concentrations of the water in the alluvium (pl. 3). Using the 
range of hydraulic, conductivities given in Freeze and Cherry (1979, 
p. 29) for limestone and dolomite, the amount of vertical leakage ranged 
from 0 to 1,500 acre-ft/yr. 
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Table 4.--Summary of nutrient data for water in the all uvi um 

[Analytical results in milligrams per liter except as indicated] 

Percentage 
Number Contam- of samples 

Constituent of Maximum Minimum Median inant exceeding 
samples level the contam-

inant level 

Nitrate, dis-
solved as 
nitrogen ...... 67 6.4 0.0 1.1 110.0 0 

Nitrite, di s-
solved as 
ni trogen ...... 85 0.03 <0.01 0.01 20.1-2.0 0 

Ammonia, dis-
solved as 
nitrogen ...... 82 0.25 0.01 0.11 30.1 52 

Orthophosphate, 
dissolved as 
phosphorus .... 86 0.27 <0.01 0.03 

IMaximum contaminant level for public water supplies as set by U.S. 
Environmental Protection Agency (1977a) and Bureau of Water Quality 
Contro 1 (1978). 

2Limits differ. The presence of nitrite in water is sometimes an 
indication of organic pollution (Goerlitz and Brown, 1972, p. 17). 

3More than 0.1 mg/L usually indicates organic pollution (Goerlitz and 
Brown, 1972, p. 13). 

The amount of vertical leakage from the Verde Formation into 
the alluvium probably is small over most of the area because the blue clay 
bed at the top of the Verde Formation f on which most of the alluvium was 
deposited f acts as a confining bed for water in the Verde Formation. 
The magnitude of the head differences between the alluvium and Verde 
Formation is evidence that the blue clay significantly restricts flow from 
the underlying artesian system to the alluvium. The average amount of 
vertical leakage is proportional to the average head difference between 
the alluvium and Verde Formation. During the winter when the head 
difference between the formations is largest and the dilution effects from 
irrigation are minimal f no significant change in water quality occurs to 
indicate the inflow of water from the Verde Formation. If the quantity of 
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flow were significant, inflow to the alluvium should increase with increas
ing head differences between the alluvium and the Verde Formation. The 
Verde Formation does not provide significant quantities of water to wells 
until the rock units underlying the blue clay are penetrated, which 
results in a water level that is higher than the water level in the over
lying alluvium. In most of the alluvium, leakage appears to be associated 
chiefly with wells open to both formations. Water flows from the Verde 
Formation- to the alluvium as a result of manls development as shown by 
water-quality anomalies in the alluvium (pl. 3). Verde Formation water 
can flow into the alluvium where wells are open to both formations and 
heads in the Verde Formation are higher. The number of wells that are 
open to both formations is unknown. 

I nfiltration of septic-tank effluent from residences on the 
alluvium that obtain their domestic water supply from the Verde Formation 
contributes an estimated 13 acre-ft/yr of water to the alluvium (table 2). 
The Verde Formation supplies water to about 240 people; 90 percent of 
the water flows into the alluvium through septic tanks. 

Ground water is used to irrigate 77 acres on the alluvium where 
fields are upslope from the irrigation ditch or where no irrigation di'tch is 
located. Annual consumptive use was estimated to be 250 acre-ft, and 
deep percolation of irrigation water is assumed to be negligible. Irriga
tion water is pumped from the Verde Formation and applied to the fields 
where the alluvium is dry-NW1a sec. 6, T. 13 N., R. 5 E .-or where the 
saturated thickness in the alluvium is small-S~ sec. 27, T. 13 N., 
R. 5 E (fig. 12). Where the alluvium remains dry, little or no water is 
infiltrating from irrigation and remaining in the alluvium. Sprinkler
system irrigation rather than flood irrigation is used in sec. 27. During 
the summer irrigation season, no major gain in flow to the river was 
detected between measuring sites 53 and 56 (pI. 2). 

Ground water from the Verde Formation contains large concen
trations of dissolved solids, sulfate, chloride, arsenic, fluoride, boron, 
and some minor elements; some of these constituents exceed the maximum 
contaminant levels for public water supplies (table 5). The quality 
differs throughout the formation owing to the different rock units that 
were deposited; therefore, the quality of water that flows into the 
alluvium from the Verde Formation is dependent on location. A limestone 
bed provides water to well (A-13-5)6aaa in which the major ions are 
magnesium, calcium, and bicarbonate; the dissolved-solids concentration is 
559 mg/L. The sandstone and conglomerate beds in sec. 27, T. 13 N., 
R. 5 E., produce water with dissolved-solids concentrations that range 
from 695 to 898 mg/L; the major ions are magnesium, calcium, bicarbon
ate, and sulfate. Throughout most of the area, mudstone and claystone 
beds that contain differing amounts of evaporites predominate; in places, 
beds of gypsum have been encountered. Dissolved-solids concentrations 
range from 1,020 to 2,590 mg/L, and different combinations of major ions 
are found. Sodium, sulfate, and chloride are the major ions in water 
from wells in secs. 6 and 7, T. 13 N., R. 5 E.; calcium and sulfate are 
the major ions in water from wells in sec. 16, T. 13 N., R. 5 E. 
Magnesium, sodium, calcium, sulfate, and bicarbonate are the major ions 
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Table 5.--Summary of quality of water in the Verde Formation 
near and underlying the alluvium 

[Analytical results in milligrams per liter except as indicated] 

Percentage 
Number Contam- of samples 

Constituent of Maximum Minimum Median inant exceeding 
samples level the contam-

inant level 

Sulfate, dis-
so 1 ved ........ 32 12,900 78 550 2250 84 

Chloride, dis-
so 1 ved ........ 33 13,035 11 60 2250 21 

Fluoride, dis-
31.4 so 1 ved ........ 25 4.0 0.1 0.7 40 

Sum of constit-
uents, dis-

2500 solved ........ 23 2,590 491 1,310 96 

Nitrate, dis-
solved as 
nitrogen ...... 32 2.0 0 0.13 310 0 

Nitrite, dis-
solved as 
nitrogen ...... 42 .03 <.01 .01 40.1-2.0 0 

Ammonia, dis-
solved as 
nitrogen ..... 41 .55 <.06 0.16 50.1 71 

Orthophosphate, 
dissolved as 
phosphorous ... 47 .14 <.01 .02 --------

Arsenic, total, 
in micrograms 

350 per 1 iter ..... 45 210 2 60 58 

See footnotes at end of table. 
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Table 5.--Summary of quality of water in the Verde Formation 
near and underlying the alluvium--Continued 

Percentage 
Number Contam- of samples 

Constituent of Maximum Minimum Median inant exceeding 
samples 1 evel the contam-

inant level 

Boron, dis-
solved, in 
micrograms 

6750 per liter ..... 23 1,700 1 380 30 

Iron, dis-
solved, in 
micrograms 

2300 per 1 iter ..... 24 15,000 <10 36 17 

Lead, dis-
solved, in 
micrograms 

350 per 1 iter ..... 8 58 1 10.5 12 

Manganese, dis-
solved, in 
micrograms 

250 per 1 iter ..... 22 360 <1 10 4 

lAnalyses for sum of constituents were not obtained for all samples. 

2Maximum contaminant level for public water supplies as set by U.S. 
Environmental Protection Agency (1977b). 

3Maximum contaminant level for public water supplies as set by U.S. 
Environmental Protection Agency (1977a) and Bureau of Water Quality 
Control (1978). 

4Limits differ. The presence of nitrite in water is sometimes an 
indication of organic pollution (Goerlitz and Brown, 1972, p. 17). 

5More than 0.1 mg/L usually indicates organic pollution (Goerlitz and 
Brown, 1972, p. 13). 

6Maximum contaminant level for boron applicable to water used for 
long-term irrigation on sensitive crops (U.S. Environmental Protection 
Agency, 1977 c) . 
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Ground water from most of the alluvium exceeds the maximum 
contaminant level for dissolved solids in public water supplies and may 
exceed the maximum contaminant levels for sulfate, chloride, arsenic, and 
some minor elements. The maximum contaminant level for dissolved solids 
in public water supplies is 500 mg/L, as proposed in the secondary 
drinking-water regulations of the U. 5. Environmental Protection Agency 
(1977b, p. 17146). Water that contains a larger dissolved-solids concen
tration is used when it is the only available water. Dissolved-solids 
concentrations in water from the alluvium range from 251 to 4,400 mg/L 
(table 6); most of the water contains between 500 and 1,000 mg/L of 
dissolved solids (pl. 3). 

Three main factors control water quality in the alluvium: (1) 
the amount and quality of the applied irrigation water, (2) the 
composition of the materials in the alluvium, and (3) the amount and 
quality of inflow from the under-lying Verde Formation. Differences occur 
because the factors or combination of factors differ throughout the study 
area. The major ions in water from the alluvium are magnesium, calcium, 
sodium, and bicarbonate, which correlates with the major ions in the river 
water used for irrigation. The dissolved-solids concentration, however, 
is larger in water from the alluvium than in the river water. 

In secs. 6 and 7, T. 13 N., R. 5 E., on the west side of the 
river, the major ions are sodium, magnesium, and sulfate. The alluvium 
on the west side of the river contains reworked Verde Formation, and the 
Verde Formation upslope from secs. 6 and 7 contains sodium sulfate and 
some sodium chloride salts. Water from the Verde Formation does not flow 
into the alluvium in this area because the hydraulic head in the Verde 
Formation is lower than in the alluvium. In sec. 28, T. 13 N.[ R. 5 E., 
the alluvium contains silt and clay that are probably reworked Verde 
Formation. 

On the east side of the river in sec. 8, T. 13 N., R 5 E., the 
major ions are sodium, magnesium, calcium, bicarbonate, and sulfate, 
which reflect a mixing of the water from the alluvium and the Verde 
Formation. The largest arsenic concentrations in the alluvium occur in 
this area, which indicate inflow from the Verde Formation (pl. 3). Down
gradient from West Clear Creek in sec. 21, T. 13 N., R. 5 E., water in 
the alluvium is diluted by water from West Clear Creek, which contains 
the smallest dissolved-solids concentrations in the study area. 

Sulfate and chloride contribute to the large dissolved-solids 
concentrations. In some wells, sulfate and chloride exceed the maximum 
contaminant level of 250 mg/L (U.5. Environmental Protection Agency, 
1977b, p. 17146). Sulfate concentrations range from 32 to 2,300 mg/L 
(table 6); in most of the alluvium, the sulfate concentration is less than 
250 mg/L (pl. 3). Sulfate exceeds 250 mg/L on the west side of the 
river in secs. 6 and 7, T. 13 N., R. 5 E., and in individual wells 
scattered throughout the area where wells are open to the alluvium and 
Verde Formation or where wells are located downgradient from wells with 
mixed waters. Chloride concentrations range from 3.9 to 1,500 mg/L 
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Table 6.--Summary of quality of water in the alluvium 

[Analytical results in milligrams per liter except as indicated] 

Percentage 
Number Contam- of samples 

Constituent of Maximum Minimum Median inant exceeding 
samples level the contam-

inant level 

Sulfate, di s-
so 1 ved ........ 46 2,300 32 165 1250 30 

Chloride, dis-
solved .. , ..... 47 1,500 3.9 36 2250 9 

Fluoride, dis-
solved ........ 32 1.5 0.1 0.4 21.4 3 

Sum of constit-
uents, dis-
solved ........ 27 4,400 251 712 1500 85 

Arsenic, total, 
in micrograms 

250 per liter ..... 89 220 3 22 18 
Boron, dissolved, 

in micrograms 
3750 per 1 iter ..... 25 1,900 20 310 20 

Iron, dissolved, 
in micrograms 
per 1 iter ..... 24 1,100 <10 29.5 1300 8 

Manganese, dis-
solved, in 
micrograms 
per 1 iter ..... 22 70 <1 7.5 150 5 

Selenium, dis-
solved, in 
micrograms 

210 per liter ..... 7 16 2 7 14 

IMaximum contaminant level for public water supplies as set by U.S. 
Environmental Protection Agency (1977b). 

2Maximum contaminant level for public water supplies as set by U.S. 
Environmental Protection Agency (1977a) and Bureau of Water Quality 
Control (1978). 

3Maximum contaminant level for boron applicable to water used for 
long-term irrigation on sensitive crops (U.S. Environmental Protection 
Agency, 1977 c) . 
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(table 6). In most of the alluvium, except in secs. 6 and 7, T. 13 N., 
R. 5 E., on the west side of the river, chloride concentrations are less 
than 250 mg/L (pI. 3). Well (A-13-5)21dcd2 contains the largest concen
tration of chloride-1,500 mg/L-and is probably open to both the 
alluvium and Verde Formation. The bottom of the well is 15 ft below the 
top of the clay unit in the Verde Formation. The static water level is 
2 ft higher than where water was first encountered during drilling, which 
implies the presence of an underlying artesian system. The major ions in 
water from this well are sodium and chloride. Sodium chloride salt 
deposits are localized in the Verde Formation and this well probably taps 
water from one of these deposits. 

Arsenic, fluoride, iron, manganese, and selenium in drinking 
water and boron in water used for long-term irrigation on sensitive crops 
(table 6) exceed the maximum contaminant levels set by the U. S. 
Environmental Protection Agency (1977c) and the State of Arizona (Bureau 
of Water Quality Control, 1978). Concentrations of these constituents 
that exceed the maximum contaminant levels, except for 'arsenic, occur in 
water from wells scattered throughout the area where wells are open to 
both the alluvium and Verde Formation or where reworked Verde is 
contained in the alluvium. Large concentrations of arsenic are found 
mostly in water from the alluvium east of the river in sec. 8, T. 13 N., 
R. 5 E.; the source of the arsenic is inflow from the Verde Formation 
(pI. 3). 

Evapotranspi ration 

The total annual estimated evapotranspiration is 9,300 acre-ft 
(table 2) and occurs from many sources in the study area. Riparian 
vegetation and crops transpire water. Water evaporates from open-water 
surfaces in the river, ditches, laterals, ponds, and bare-soil surfaces 
near the river where the depth to water is less than 10 ft. Changes in 
water quality owing to evapotranspiration are masked by the large 
quantities of irrigation water moving through the alluvium. 

Along the Verde River between the bridge near site 14 and site 
58 (pI. 2), about 1,100 acres of riparian vegetation-primarily mesquite, 
cottonwood, and riparian scrub-use an estimated 3,200 acre-ft of water 
annuallYi average consumptive use by riparian vegetation therefore is 
about 3 acre-ft/acre. Phreatophytes along the river, on bottom land 
along wash channels, and along irrigation ditches obtain water from the 
alluvium. Transpiration by riparian vegetation was calculated using the 
unpublished data summarized in a study by Anderson (1976) and was 
applied to this budget-study area. Acreage, annual water use by the 
different types of riparian vegetation, and method of calculation were 
from Anderson (1976). The depth to water was determined during this 
study. Water evaporating from the surface of 13.9 mi of river f which 
averages 100 ft wide, is an estimated 1,000 acre-ft/yrj therefore, the 
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and wells near the river actually showed a decrease in specific conduct
ance during the summer (table 3), which implies dilution rather than 
concentration of dissolved solids. I n comparison to the data from the 
November seepage investigation, the total loads of dissolved solids and 
the percentage of sodium in the surface water increased during June; 
therefore, more than evapotranspiration is causing the increased 
dissolved-solids concentrations. Water is diverted upstream from where 
the dissolved-solids concentration increases in the river; therefore, the 
water applied to the fields generally contains less than 500 mg/L of 
dissolved solids and the major ions are calcium, magnesium, sodium, """and 
bicarbonate. Water is removed from the area by evapotranspiration and 
the soluble matter originally in the water is left behind, which can cause 
an accumulation of salts in the soil at the land surface. The salts are 
dissolved later by precipitation or irrigation water and transported to the 
aquifer. Salt accumulation from evapotranspiration does not appear to be 
a problem in this area during irrigation. Large quantities of diverted 
river water that are applied to the fields minimize the deposition of salts 
in the soils and mask any water-quality changes by evapotranspiration to 
ground water that is in the aquifer or that discharges to the river. 

Discharge to the Verde River 

Data from seepage investigations limited to periods of base flow 
were used to define the sources of significant gains to the Verde River: 
(1) subsurface flow from West Clear Creek and (2) irrigation subsurface 
return flows. The quantiti\:ls of discharge to' the river are variable and 
the measurements are t'epresentative of base flow and irrigation for the 
conditions that existed at the time of the individual investigations. Data 
from a 1979 seepage investigation indicated the study reach exhibited 
gains in streamflow (Owen-Joyce and Bell, 1983, p. 36). Springs and the 
shape of the water table, as illustrated by the contour lines in the 
alluvium (pI. 2), show ground-water movement toward the river. Water
quality changes in the river also indicate ground-water discharge to the 
river. Subsurface return flows from irrigation dissolve soluble minerals 
in the alluvium and contribute to water-quality changes in the river. 

West Clear Creek supplies the single largest point source of 
discharge from the alluvium to the Verde River-an estimated 14,000 
acre-ft/yr. During June 1981, all the water coming from West Clear 
Creek that discharged to the Verde River arrived as subsurface flow 
through the West Clear Creek alluvium deposited at the mouth of the 
creek. In November 1980, some of the discharge did appear as surface 
flow at the mouth of the creek. I n the lower parts of some of the 
channels cut in the West Clear Creek alluvium, water flowed for short 
distances on the alluvium and some ground water seeped to flow as 
surface water the last 200 ft to the Verde River. The source of most of 
the gain to the Verde River in November was also subsurface flow, and 
the surface flow near the mouth of West Clear Creek was probably caused 
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by the higher stage of the Verde River at this time of year. Water
quality changes between sites 37 and 52 (pl. 2) support the concept that 
subsurface flow in the West Clear Creek alluvium is the source of inflow 
in this reach. The major ions in water in West Clear Creek are calcium, 
magnesium, and bicarbonate, and the dissolved-solids concentration 
was 242 mg/L at site 49 in June of 1981 (pl. 2). During June 1981, a 
decrease in the dissolved-solids concentration (fig. 13), an increase in 
the calcium concentration, and a decrease in sodium concentration 
(fig. 14) were recorded between sites 37 and 52. The concentration of 
other constituents in the Verde River changed little if at all owing to the 
inflow. 

An estimated 21,800 acre-ft/yr or about 70 percent of the water 
diverted from the river returns as ground-water discharge from the 
alluvium. The gains in flow in the river are essentially water from the 
Verde River rerouted through the irrigation ditches and the alluvium and 
discharged as ground water from the alluvium farther downstream. The 
estimate of ground-water discharge was calculated by balancing the water 
budget. Evaluation of the seepage-investigation data showed the 
variations in ground-water discharge to the river. Total ground-water 
discharge was calculated from the difference between flows in the river at 
measuring sites 14 and 58 in June 1981 (table 1, pl. 2) and accounting 
for diversions, return flows, and tributaries. The resu Itant gain in flow 
was compared to the difference between the amount of water applied to 
the fields and that consumed by crops. The gain in flow was within 
1 ft3/s of the amount of water not used by crops. The same analysis 
applied to data from the June 1979 seepage investigation also yielded an 
agreement in these quantities within 1 ft3/s. 

Water quality in the river is closely associated with the gains in 
flow that occur in the study reach. The amount of gain and the quality 
of the water that seeps to the river are reflected in the changes in ionic 
concentrations in the river. The variations in amounts and locations of 
irrigation in the area can cause variations in water chemistry at each 
site; therefore, the water-quality data during the seepage investigations 
are also indicative of conditions existing at the time. Trends do appear 
to be consistent between November and June; therefore, quantities 
probably change but the relation between sites follows a trend throughout 
the year. 

During base-flow conditions, the dissolved-solids concentrations 
of water in the Verde River vary throughout the year. During November 
1980, dissolved-solids concentrations ranged from 357 to 462 mg/Li 
whereas during June 1981, the concentrations ranged from 460 to 614 
mg/L (fig. 13). Dissolved-solids concentrations increased downstream and 
followed a rather smooth curve dLJring November; a small fluctuation 
occurred downstream from site 25 (pl. 2) where the springs are located. 
During June, the dissolved-solids concentrations in the river fluctuate 
more because of irrigation return flows. Return flows differ in composi
tion and dissolved solids, which depend on where the irrigation water was 
taken from the river and the composition of the material the water flows 
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through. Water diverted into Woods ditch originates outside the study 
area in the Verde River upstream from Beaver Creek and in June had a 
dissolved-solids concentration of 366 mg/L. Diamond S ditch originates 
upstream from site 14 (pl. 2) and probably would have had a dissolved~ 
solids concentration similar to the river water at site 14, which was 
469 mg/L. The alluvium along the west side of the river and away from 
the river channel contains more reworked Verde Formation than the 
alluvium on the east side. Subsurface return flows from water used to 
irrigate lands downslope from the salt mine in secs. 6 and 7, T. 13 N., 
R. 5 E., and sec. 12, T. 13 N., R. 4 E., contain larger concentrations 
of sodium and sulfate. These two constituents show a marked increase in 
the river between sites 18 and 22 (fig. 14), and therefore dissolved
solids concentrations increase (fig. 13). Because the hydraulic head in 
the Verde Formation is higher than the river level during base flows in 
this reach and the Verde Formation crops out in the river near site 14, 
some of the increase in dissolved-solids, sodium, and sulfate concentra
tions may be the result of inflow from the Verde Formation. During the 
low€r flows in June, arsenic concentrations increase in this reach 
(fig. 14). Arsenic concentrations in water from wells in the Verde 
Formation on the east side of the river near site 14 range from 90 to 160 
jJg/L. The sodium sulfate salts from the salt mine on the west side of the 
river contain small amounts of arsenic, but if sufficient quantities of clay 
from the Verde Formation are present in the alluvium, arsenic could be 
supplied from the clay. Water in the alluvium on the west side of the 
river does contain larger concentrations of arsenic than that on the east 
side. 

Changes in the dissolved-solids concentrations in the river from 
one sampling site to another correlate with changes in the sUliate and 
sodium concentrations. In November 1980, the changes from site to site 
are not as pronounced because flows in the river are higher and 
subsurface return flows are lower than in June 1981 (figs. 13 and 14). 
I rrigation contributes to the water-quality changes in the river by 
providing the water to dissolve the soluble minerals in the alluvium as the 
water percolates to the water table and ultimately to the river; therefore, 
the changes are larger during irrigation. Part of the increase in dis
solved solids is contributed by inflow from the Verde Formation to the 
alluvium, which is diluted by irrigation water and travels to the river 
through the alluvium. Although irrigation is at a minimum in November, 
the concentrations of sulfate and sodium still increase at sites in the 
river. November conditions are a closer indication of the water-quality 
changes that result from inflow from the Verde Formation. 

Natural discharge from the alluvium is probably masked by the 
irrigation return flows. It is unknown if the springs issuing from the 
alluvium were present before the installation of the irrigation ditches. In 
1981, springs issued from the alluvium in secs. 8 and 16, T. 13 N., 
R. 5 E. (pI. 2). Most springs seem to be perennial, although some are 
underwater during high flows in the river. The springs in sec. 8, 
T. 13 N., R. 5 E., issue from the alluvium along the banks of the river; 
whereas most springs in sec. 16, T. 13 N., R.5 E., issue from the 
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SUMMARY 

To aid in understanding the hydrologic system, part of the 
Camp Verde area-south of Camp Verde-was selected to study the 
interconnection of the three water sources and the effects of the inter· 
connection on water in the alluvium. Sources and uses of water in the 
Camp Verde area are: (1) water diverted from the Verde River and its 
tributaries is used to irrigate fields on the alluvium, (2) water pumped 
from the alluvium provides a domestic water supply, and (3) water in the 
Verde Formation provides domestic and public water supplies where the 
alluvium is absent or does not provide sufficient quantities of water. 
Water quality differs depending on the source. 

A perennial river and an interrupted tributary, a water-table 
aquifer in the alluvium along the river, irrigation on the alluvium, and an 
underlying artesian aquifer in the Verde Formation interact to create a 
dynamic hydrologic system south of Camp Verde. A water budget was 
used to estimate the quantities of the inflow and outflow components . 

. Water quality in the alluvium varies because differences exist in the 
. material making up the alluvium and in the main inflow and outflow 
components functioning in local areas. 

The water-bearing alluvium-mainly the channel, flood-plain, 
and terrace deposits of the Verde River-is hydraulically connected to the 
river. This unconfined ground-water system is in dynamic equilibrium. 
The largest component of inflow to the alluvium-an estimated 30,000 
acre-ft/yr-is deep percolation of irrigation water. The Verde River 
functions as a drain. The quantity of water that discharges to the river 

. is proportional to the amount of irrigation water applied at a given time. 
Generally the alluvium is less than 60 ft thick; as much as 30 ft is 
saturated. Saturated thickness varies owing to irrigation and mounding 
of the water table. The amount of water stored in the alluvium is 
estimated to be 17,500 acre-ft. West Clear Creek contributes 14,000 
acre-ft/yr of subsurface flow, which passes through the alluvium to 
discharge to the river. Inflow from the Verde Formation is 1,000 
acre-ft/yr. Outflow is mainly discharge to the Verde River that consists 
of irrigation return flows and West Clear Creek subsurface 
flows-estimated to be 35,800 acre-ft/yr-and evapotranspiration by 
riparian vegetation and crops-estimated to be 9,300 acre-ft/yr. 
Precipitation, discharge to the Verde Formation, and domestic pumpage, 
most of which returns through septic tanks, are less than 1 percent of 
the budget. 

The alluvium is hydraulically connected to the underlying Verde 
Formation and the hydraulic head in the Verde Formation is as much as 
10 ft higher than the hydraulic head in the alluvium in some wells. 
Leakage to the alluvium occurs through the formation and through wells 
open to both formations mainly in secs. 7 and 8, T. 13 N., R. 5 E. 
Along the west side of the alluvial outcrop and mainly in parts of 
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secs. 27, 28, and 34, the hydraulic head in the Verde Formation is as 
much as 50 ft lower than the hydraulic head in the alluvium. Saturated 
thickness in the alluvium generally is less than 5 ft, and water cascades 
in some wells that are open to both formations. In places the alluvium is 
dry. Ground water in the Verde Formation drains to the Verde Fault 
zone; however, some leakage to the river may occur where the Verde 
Formation crops out in the river bed and the hydraulic head in the Verde 
Formation is higher than river level. 

Water quality in the alluvium is affected by (1) the quantity 
and quality of irrigation water, (2) the composition of the materials in the 
alluvium, (3) inflow from the Verde Formation, (4) inflow from West Clear 
Creek, and (5) inflow of septic-tank effluent. During the irrigation 
season, deep percolation of water causes a dilution effect on water in the 
alluvium. Water moves slowly through the alluvium and dissolves minerals 
from rocks and soils; the dissolved-solids and sulfate concentrations 
increase where evaporite minerals from reworked Verde Formation are 
present. Locally, inflow of water from the Verde Formation increases the 
dissolved-solids, sulfate, chloride, and arsenic concentrations in the 
alluvium. Near the mouth of West Clear Creek, inflow from West Clear 
Creek dilutes ground water in the alluvium. Water-quality changes owing 
to inflow of septic-tank effluent appear to be seasonal; ammonia concen
trations exceed 0.1 mg/L during the winter, which indicates the 
possibility of organic pollution before dilution by the irrigation water in 
summer. Evapotranspiration causes little or no detectable change in 
ground-water or surface-water quality but any changes in water quality 
may be masked by large quantities of infiltrating irrigation water. 
Dissolved-solids concentrations in the alluvium range from 251 mg/L near 
West Clear Creek to 4,400 mg/L where evaporite minerals from the Verde 
Formation are present in the alluvium. Sulfate, chloride, fluoride, 
arsenic, boron, iron, manganese, and selenium can exceed the maximum 
contaminant levels for public water supplies, and large concentrations are 
associated mostly with material from the Verde Formation in the alluvium 
or inflow from the Verde Formation. 
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